Prompt initiation of combination antiretroviral therapy (ART) is important to reduce comorbidity and mortality among people living with HIV, especially for those with a low CD4 cell count. However there is evidence that not everyone receives prompt initiation of ART after enrolling into HIV care. The current study investigated factors associated with failure to initiate ART within two years of entering into care among those with a CD4 count at or below 350 cells/ mm The twoyear risk of delayed ART initiation was estimated using a log-binomial regression model with stabilized inverse probability of censoring weights for those lost to follow-up. Adjusting for other factors, an earlier enrollment date was the sole demographic characteristic associated with an increased risk of delayed ART initiation. Higher CD4 count, lower viral load, and a prevalent AIDS diagnosis were clinical characteristics associated with delayed ART initiation. Gender, age, race/ethnicity and HIV risk factors such as reported male-to-male sexual contact and injection drug use were not associated with delayed ART initiation. This study identified characteristics of patients for whom treatment was strongly to moderately recommended but who did not initiate ART within two years of entering care. Despite the known benefits of early antiretroviral therapy initiation, a lower viral load measurement may continue to be an important clinical characteristic in the more recent era with current ART initiation guidelines. These findings provide a target for closer monitoring and intervention to reduce disparities in HIV care.
Introduction
Centers for Disease Control and Prevention (CDC) estimated 1.2 million US persons living with HIV and 12,333 AIDS-related deaths [2] . The use of ART has led to an increase in life expectancy among HIV-seropositive individuals through a reduction in HIV-associated comorbidity, as well as non-HIV and non-AIDS comorbidities [3] [4] [5] [6] . The difference in life expectancy between HIV-seropositive and HIV-seronegative individuals is shrinking, though specific populations still exhibit notable differences [3, 6] . For example, among HIV-seropositive patients on ART, those with a history of injection drug use, a lower baseline CD4 count, and who are non-white have lower life expectancies relative to other groups [3, 6] The current guidelines provided by the US Department of Health and Human Services (DHHS) recommend that ART be provided to all HIV-seropositive individuals to reduce disease progression and prevent HIV transmission [5] . While several studies have assessed characteristics associated with a faster time to ART initiation using time-to event analyses, we know of no other studies assessing the proportion of patients promptly initiating ART and their characteristics, especially among those for whom treatment was strongly to moderately recommended [7] [8] [9] [10] . Some characteristics associated with a slower time to ART initiation include black non-Hispanic race/ethnicity, injection drug use, a greater number of psychosocial barriers, female gender, reporting male-to-male sexual contact, lack of health insurance, higher CD4 count, and lack of comorbidity [7] [8] [9] [10] . A prior study among participants in the HIV Outpatient Study found that 20% of HIV-seropositive patients did not initiate ART within a 13.5-year study period from 2000-2013 [10] . Evidence from other countries looking at the proportion of patients initiating ART and their characteristics also suggests that not all HIV-seropositive individuals obtain prompt initiation of ART, even among those who have entered care [11, 12] . It is unclear whether these same characteristics associated with a faster time to ART initiation among all HIV-seropositive patients are consistent characteristics of delayed ART initiation among those recommended for treatment. Pinpointing characteristics of those patients indicated for ART initiation, but who have not initiated ART, is especially relevant given current clinical guidelines that recommend treatment for all HIV-seropositive patients. A prior study using a clinic-based cohort in Uganda found that 18% of HIV-seropositive patients did not initiate ART within one year of their ART eligibility [12] . While younger age, male sex, higher CD4 count, no formal education, and being employed have been implicated as predictors of delay, there is not yet consensus about risk factors for delayed ART initiation [5, [9] [10] [11] [12] .
Here we report the proportion of HIV-seropositive patients with a CD4 count at or below 350 cells/mm 3 who do not start ART within two years of entry to care during the study period between 2003 and 2012, using data from the Centers for AIDS Research Network of Integrated Clinical Systems (CNICS). Though HIV/AIDS clinical guidelines did not recommend ART initiation for all HIV-seropositive patients during this study period, treatment for individuals with a CD4 count at or below 350 cells/mm 3 shifted from a moderate to strong recommendation over this time period [13, 14] . We further compare characteristics at care entry of HIVseropositive patients who had initiation delayed to those who did initiate ART within two years of care entry. We hypothesized that characteristics associated with lack of adherence to ART, such as younger age and a history of injection drug use, would be associated with delay of ART initiation among those with a strong to moderate recommendation for treatment.
Materials and methods

Study sample
CNICS is designed to support population-based HIV research through a comprehensive, standardized clinical data repository from point- 6 ,083 patients met these study eligibility criteria. There were 861 patients (14%) excluded due to missing data at baseline including missing HIV-1 RNA viral load (n = 147, 2%), race/ethnicity (n = 588, 10%), and HIV risk factors such as reported injection drug use (n = 155, 3%), and reported male-to-male sexual contact (n = 125, 2%). Patients with a viral load measurement of less than 75 copies/mL indicative of suppressed or undetectable viral load (n = 315, 5%) were excluded because many of these patients may have been misclassified as ART-naïve. Patient characteristics among those excluded followed a similar distribution to those included in the final study sample. This resulted in a final study sample of 4,907 patients.
Outcome definition
The primary outcome, delayed ART initiation, was defined as failure to initiate a regimen of three or more antiretroviral drugs within the first two years of CNICS enrollment. The date of ART initiation was determined to be the first day in which each patient was prescribed three or more antiretroviral drugs.
Patient characteristics
The following factors were assessed as predictors of delayed ART initiation: age (18-29, 30-34, 35-39, 40-44, 45-49, and 50-93 years), gender (male/female), race/ethnicity (white non-Hispanic, black non-Hispanic, other non-Hispanic, and Hispanic), enrollment date (in years), HIV transmission risk factor of injection drug use (yes/no) and male-to-male sexual contact (yes/no), AIDS diagnosis (yes/no), HIV-1 RNA viral load (75-9,999, 10,000-99,999, and 100,000-1.6x10 6 copies/mL), and CD4 cell count (0-199 and 200-350 cells/mm 3 ). Age, injection drug use, male-to-male sexual contact, calendar year, and AIDS diagnosis were defined at study enrollment. HIV-1 RNA viral load and CD4 cell count were defined as the most recent lab measurement recorded within 90 days prior to 30 days after study enrollment.
Statistical analysis
Factors were summarized using percent or median with interquartile range (IQR), as appropriate, according to ART initiation status, lost-to-follow-up, and deaths. Patients were defined as lost to follow-up at one year since their last clinic visit without a recorded lab measurement.
Stabilized inverse probability of censoring weights were constructed using two logistic regression models. The first model estimated the unconditional probability of being censored and the second model estimated the probability of being censored conditional on all measured factors. The final weight was the marginal probability of remaining under follow-up divided by the patient's conditional probability of remaining under follow-up. The stabilized inverse probability of censoring weights had a mean of 1.00 and ranged from 0.95 to 1.52. A weighted log-binomial model was used to estimate crude and multivariable-adjusted risk ratios (RR) comparing delayed ART initiation within two years between patients with and without each risk factor. Confidence intervals were based on the robust variance estimator. Deaths within the two-year ART initiation period were classified based on whether patients did or did not initiate ART before their occurrence of death. Patients initiating ART prior to being lost to follow up within the two-year ART initiation period were classified as initiating ART. The final contrast compares those who fail to initiate ART to those who initiate ART within the twoyear period, with patients lost to follow up prior to initiating ART contributing to the weighted model through inverse probability of censoring weights. In multivariable analyses, the RR and 95% CIs were estimated for each factor while adjusting for all other factors.
We categorized age, CD4 cell count, and viral load to relax linearity assumptions. Previous DHHS guidelines suggest that these categories for CD4 cell count and viral load are appropriate cut points for clinical decisions regarding the initiation of therapy among ART-naïve patients [13, 14] . We assessed potential differences by calendar time in the association between risk factors and delayed ART initiation through examination of stratified results by two enrollment date periods. We conducted two sensitivity analyses comparing results with the exclusion of decedents over the two-year risk period and then further adjusting for both clinic site and the number of clinic visits. Data analyses were performed using SAS software version 9.3 (SAS Institute, Inc., Cary, NC).
Results
The distribution of demographic characteristics for the sample at CNICS enrollment is displayed in Table 1 . The majority of patients were men (83%; n = 4,084) and the prevalence of male-to-male sexual contact was 60% (n = 2,925). Thirteen percent (n = 654) of patients reported injection drug use and 29% (n = 1,432) of patients had a prevalent AIDS diagnosis at their CNICS enrollment. The median CNICS enrollment year was 2007 (IQR: 2005, 2010 ) and 18% of patients were at least 50 years of age. Forty-two percent of patients had a viral load !100,000 copies/mL and 59% of patients had a CD4 cell count below 200 cells/mm 3 . The most common racial groups were white non-Hispanic at 41%, black non-Hispanic at 40%, and Hispanic at 13%.
In their first two years of follow-up, 16% (n = 796) of the 4,907 patients did not initiate ART, 6% (n = 303) died, 19% (n = 930) were lost to follow-up, and 59% (n = 2,878) initiated ART. Excluding only patients who were alive and had not initiated ART prior to becoming lost to follow-up (n = 293), the proportion that did not initiate ART within 6 months, 1 year, and 2 years was 31% (n = 1,439), 26% (n = 1,178), and 21% (n = 959), respectively. Table 2 presents the primary analysis of estimates of the crude and adjusted risk ratios for delayed ART, comparing failure to initiate ART within two years of enrollment for each demographic factor. Women and those reporting injection drug use at enrollment were less likely to initiate ART within two years following CNICS enrollment compared to men (crude RR = 1.28; 95% CI: 1.07, 1.54) and those that did not report injection drug use (crude RR = 1.27; 95% CI: 1.03, 1.56), respectively. After adjustment for other factors, an earlier CNICS enrollment date was the only demographic factor associated with delayed ART initiation. For example, for each one-year increase in CNICS enrollment date, patients were 0.94 times (95% CI: 0.92, 0.97) as likely to delay ART initiation. Age, gender, race/ethnicity, reported injection drug use, and an HIV risk factor of male-to-male sexual contact were not associated with delayed ART initiation after adjustment for other factors.
Clinical factors, each assessed at enrollment, were examined as to their association with delayed ART after adjustment for all other clinical and demographics factors. As shown in Table 2 , clinical factors associated with delayed ART included higher CD4 cell count, lower viral load, and a prevalent AIDS diagnosis. For example, those with CD4 count at least 200 cells/mm 3 at enrollment were 1.31 (95% CI: 1.11, 1.56) times as likely to delay ART initiation compared to those with CD4 count less than 200 cells/mm 3 . Those with viral load less than 10,000 copies/ml at enrollment were more likely to delay ART initiation compared to those with viral load at least 100,000 copies/ml (adjusted RR = 1.89; 95% CI: 1.53, 2.33). Finally, those with a prevalent AIDS diagnosis at enrollment were more likely to delay ART initiation (adjusted RR = 1.23; 95% CI: 1.04, 1.47). Table 3 presents estimates of the crude and adjusted risk ratios for delayed ART by CD4 count, a prevalent AIDS diagnosis, and viral load over two enrollment date periods. The association with delayed ART for both baseline CD4 count and a prevalent AIDS diagnosis dissipated in the latter time period. For example, from 2003-2007, those with CD4 count at least . The association between viral load and delayed ART initiation was attenuated, but still persisted in the latter time period. In additional sensitivity analyses, excluding decedents over the two-year risk period and further adjusting for both clinic site and the number of clinic visits resulted in no appreciable changes in the patterns seen in the data.
Discussion
We found that among ART-naïve patients with CD4 count at or below 350 cells/mm 3 , higher CD4 count, lower viral load, a prevalent AIDS diagnosis, and an earlier CNICS enrollment date were each independently associated with failure to initiate ART within the first two years after enrollment in CNICS between January 1, 2003 and October 1, 2012. Lower viral load was the sole clinical factor to remain associated with failure to initiate ART over the entire study period. Female gender, older age, black race/ethnicity, reported injection drug use, and lack of reported male-to-male sexual contact were demographic characteristics associated with delayed ART initiation in the unadjusted analysis, but did these associations did not persist after adjustment for other demographic and clinical characteristics. The fact that entering CNICS with a CD4 count of at least 200 cells/mm 3 was associated with delayed ART initiation compared to those with CD4 count less than 200 cells/mm 3 was somewhat anticipated, but strength of this association given the extent of the delay (two years) was greater than expected. Clinical guidelines for ART initiation among treatment-naïve HIV patients have evolved. In 2003, at the beginning of study follow-up, ART initiation was recommended for HIV-seropositive individuals with a CD4 count less than 200 cells/mm 3 [13] .
However the strength of recommendation for ART initiation among asymptomatic patients with a CD4 count at least 200 cells/mm 3 was carefully evaluated at the discretion of the patient and physician, with regard to weighing potential benefits and risks of early or delayed therapy initiation, especially among those patients with a CD4 count greater than 350 cells/mm 3 for whom the benefits of ART initiation were uncertain [13] . By 2007, guidelines recommended ART initiation for those with CD4 count less than 350 cells/mm 3 [14] . Our findings that an earlier year of enrollment and higher CD4 count are associated with failure to initiate ART, and that the association between higher CD4 count and delayed ART is attenuated over time likely reflect these changes in the HIV/AIDS clinical guidelines and treatment patterns regarding treatment initiation. Though guidelines also recommended ART initiation for patients with an AIDS diagnosis, it is possible that our findings that a prevalent AIDS diagnosis was associated with delayed ART initiation could have resulted from a lower engagement in care among these patients. Patients with a prevalent AIDS diagnoses were more likely to receive their AIDS diagnosis earlier in the HIV epidemic and prior to their CNICS enrollment date. It is possible these patients may have received care but were not consistently engaged in care. We know of no other studies in US populations investigating the proportion of patients, for whom treatment was strongly to moderately recommended, with delayed ART initiation and their characteristics. Given that clinical guidelines recommended ART initiation for all patients regardless of CD4 count as of March 2012, it has become more important to characterize which patients are eligible for increased benefits of treatment initiation. A study of HIV patients newly clinically eligible for ART through their first reported CD4 count <350 cells or an AIDS-defining illness from the NA-ACCORD between 2001 and 2009 assessed factors associated with timely ART initiation [15] . Increasing age, later calendar year, male sex, a lack of history of injection drug use, a lower number of psychosocial barriers, lower CD4 count, increasing viral load, and lack of incident AIDS-defining illness were associated with a shorter time to ART initiation [15] . They also found that none of these characteristics varied over time in their association with a shorter time to ART initiation [15] . Our findings that some of these characteristics are associated with delayed ART initiation within a two-year period are consistent with their findings. However, our findings also suggest that the importance of clinical characteristics associated with delayed ART initiation may be diminishing over time, within the exception of lower viral load.
It was unexpected that race/ethnicity, gender, and a history of injection drug use were not associated with delayed ART initiation in the adjusted analysis. During this study period, concerns about the role of treatment adherence in treatment effectiveness played a pivotal role in deciding whether to initiate treatment in ART-naïve patients [13, 14] . Previous studies have found that blacks and women experience less time on ART while in HIV care compared to whites and men, and that older age and male sex are associated with a shorter time to ART initiation [15, 16] . A recent study of patients from the Johns Hopkins HIV Clinical Cohort compared differences in the average time for each stage of the HIV care continuum between people who inject drugs and those who do not across 10 years following their enrollment [17] . Patients reporting a history of injection drug use spent an additional 5.5 months in HIV care but not on ART, and an additional 5.0 months on ART but not virally suppressed compared to those who did not have an injection drug use history [17] . Given these findings, the disparities between gender, race, and history of injection drug use in access and barriers to care, and the potential concerns regarding adherence to treatment, it is expected that these demographic characteristics are associated with two-year delayed ART initiation as shown in the unadjusted analysis. However, our results suggest that these demographic differences may be explained by unequal distributions of adverse clinical characteristics, which appear to be stronger risk factors for treatment initiation. For example, the strength of the association between non-Hispanic black race/ethnicity and delayed ART initiation was attenuated after adjustment for other factors.
The present work has several limitations. First, this is an observational study and therefore estimates are subject to possible confounding bias. Multiple adjusted effects from a single model should be interpreted with caution, and the potential for overadjustment bias, as well as adjusting for unnecessary variables should not be overlooked as these adjustments can result in increased bias or reduced precision [18, 19] . However the primary focus of this research was to describe common characteristics of individuals not receiving prompt treatment with the goal of improving HIV care.
Second, it is assumed measurements were taken with negligible error. CNICS is a clinicbased research network using point-of-care data collection to deliver medical information suited for research in a real-time setting using its standardized clinical repository. Given the standardized procedures in data collection, misclassification is likely to be modest. However, there could be unmeasured misclassification of clinical factors, including CD4 count and viral load, where it is possible that those patients classified as treatment-naïve could have previously received treatment. Third, results pertain to patients enrolled in HIV care during this study period from 2003-2012, though treatment patterns and guidelines have continued to evolve over time. Fourth, though not included in this study, insurance status and socioeconomic status are other patient characteristics that could be considered as potential risk factors for delayed ART initiation.
Lastly, deaths over the two-year time period were relatively infrequent, but losses to follow up were not. Inverse probability of censoring weights were used and we assume that the data are missing at random such that covariate information in the data can be used to eliminate selection bias induced by censoring individuals lost to follow up prior to therapy initiation.
A major strength of the CNICS cohort is that it is a large multicenter HIV clinical cohort that has a standardized clinical data repository based upon prospective collection of comprehensive patient data. Given this strong research network, there was not a substantial amount of missing data for any of the covariates within this study. However, the general population is likely to include HIV-seropositive patients who are more difficult to enroll in clinical cohorts, such as those individuals with lower access and engagement in the healthcare system. Our results estimating the proportion of delayed ART initiation are likely to be conservative relative to other US HIV-seropositive patient populations. Future studies can help to identify whether these same characteristics remain consistent risk factors for delayed ART initiation among other HIV-seropositive patient populations.
Conclusions
This study identified characteristics of patients who delay ART initiation beyond the first two years of entering in care, which included an earlier CNICS enrollment date, higher CD4 count, lower viral load, and a prevalent AIDS diagnosis. This prolonged delay in ART initiation among patients with a moderate to strong recommendation under past guidelines suggests that treatment practice under current guidelines recommending therapy initiation to all HIV-seropositive patients should be carefully scrutinized. The tendency to delay therapy in those patients with a lower viral load may still persist despite clear evidence of the benefits of immediate therapy initiation [20] . These clinical characteristics may continue to be important with current ART guidelines in providing targets for closer monitoring and intervention to reduce disparities in HIV care. 
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